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Standard SUSY Motivations

Hierarchy Problem
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SUSY in 2013
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Relevant Possible Implications

e Maybe Supersymmetry isn't there?
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Light Hidden Sectors

Some Alternative Motivations

Dark Matter Anomalies!
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Portals

Hidden Sector = Neutral under Ggps

3 Renormalisable, Gauge Invariant Couplings to SM
1

LD —5eBY Xy, L>r(HH)(STS) L>n(L-H)N

Vector portal nggs p0rta| Neutrino porta|

e Vector portal advantages: photon massless, easily observable
e Possible Origin of Such a Term:

) 5 929y A? 4 2
X O B (47)? Og<u2>
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Extant Limits
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e Many different exclusion limits exist

o GeV-scale masses relatively unconstrained
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e Many different exclusion limits exist But...

o GeV-scale masses relatively unconstrained
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Loopholes and Links

e Normal assumption: X, decays to Visible Sector
o (Schuster et al, 0910.1602 rare exception)

e What if Hidden Sector non-minimal?

e X, decays to Hidden Sector possible
e Massive vector = hidden Higgs

e Hidden SUSY Higgs qualitatively different

e SUSY kinetic mixing induces D-term mixing
e Higgs mass mixing = New decay path
o Different e-dependence (€2 vs €?)
l+ m?nwc
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e What if Hidden Sector non-minimal?

e X, decays to Hidden Sector possible
e Massive vector = hidden Higgs

e Hidden SUSY Higgs qualitatively different

e SUSY kinetic mixing induces D-term mixing
e Higgs mass mixing = New decay path
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Hidden Vector

e Obviously, we include a new U(1) Gauge Boson X,
e Gauge coupling g,

e We define the kinetic mixing

1 1 1

L D = BuB" =S¢ B X — X" X

4 2

e Vector mass: Stiickelberg?

1
Lx D §(mXXu - u¢)2

Conclusion
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Hidden Vector

e Obviously, we include a new U(1) Gauge Boson X,
e Gauge coupling g,

e We define the kinetic mixing

1 1 1
£K D) _ZBH‘VBMV - 56 BHVXHV — XXHVX;LV

e Vector mass: Higgsed

Lx D) |D,H|?

(2

...since we want a non-trivial hidden sector

Conclusion
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Hidden Higgses

How Many?

We consider 2HDM:
e In SUSY context, Higgs accompanied by chiral Higgsino

e Minimal anomaly-free content:

Field | U(1),
H | +1
H | -1
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Hidden Higgses
How Many?
We consider 2HDM:

e In SUSY context, Higgs accompanied by chiral Higgsino
e Minimal anomaly-free content:

Field | U(1),
H | +1
H | -1

Problems with minimality?

e Small non-generic feature: mpz < m, (as in MSSM)
e But generically only lightest scalar long-lived

e Constraints dominated by one decay width
e Extra structure just O(1) change to mixing matrices
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The Minimal Model

Seven hidden sector particles
o X, A7, hfzv sz,3

e Seven new parameters (over MSSM)

e SUSY-preserving g, €, u’ (W= HH')
o SUSY-breaking ma=, mg, M=, tan(

What of SUSY?

Bottom-up approach:
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The Minimal Model

Seven hidden sector particles
o X, A7, hfzv X'jf,z,3

e Seven new parameters (over MSSM)
e SUSY-preserving g, €, u’ (W= HH')
o SUSY-breaking ma=, mg, M=, tan(
o If CP allowed, p’ can be complex

What of SUSY?

e If SUSY — MSSM — HS,
Mps ~ eMpyrssy ~ 1073 (TeV) ~ GeV
e Problems — gravitino, ' — but surmountable

Bottom-up approach:
e Fix benchmark slopes by low energy phenomenology
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Benchmark |: Meet the New Boss

e Vector cannot decay to HS

e Limits mostly unchanged

e Some new results

Parameter | Value
tan ¢ 3.0
[ 0.3
maz 2.0 my
MXI 3.0 My
! 4.0 my
4.5 Xa
-4.0 Xa
Al
]
2y =%
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Benchmark Il: Optimistic Case

e Vector decays to hidden scalars

e Best case:
1. Resonant production

2. Hidden scalars decay to SM

Parameter | Value
tan ¢ 3.0
o 0.3
m = 0.5 my
MXI 3.0 My
! 4.0 my
5.4 Xa
4.1 Xa
]
2.0
| =—
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Benchmark Ill: Depressing Case

e Vector decays to hidden fermions
o Lightest fermion stable

e Only signals through off-shell
scalar production

Parameter | Value
tan ¢ 3.0
o 0.3
M A= 1.5 m,
MXI 1.0 My
! 1.5 m,
2.2 X
12 s
1.5 A
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Origin of mass mixing

SUSY Gauge Kinetic Mixing:

1
€ B X1 C / d?0 X*By + h.c. D e DxDp

— egagy (IHP? = [H']?) (|Hal* — |Hal?)

~ €S My My hohﬁ

Treat mixing as mass insertion:

Define non-SUSY model as one with zero mass mixing
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SUSY Gauge Kinetic Mixing:

1
€ B X1 C / d?0 X*By + h.c. D e DxDp
— egogy (|HI> = H']?) (|Hul” — |Hal*)

~ €S My My hohﬁ

Treat mixing as mass insertion:

e Doubly suppressed by € and Ma

mpo
e Only relevant when competing interactions also suppressed

Define non-SUSY model as one with zero mass mixing

Conclusion
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Origin of mass mixing

SUSY Gauge Kinetic Mixing:

1
€ B X1 C / d?0 X*By + h.c. D e DxDp

— egagy (IHP? = [H']?) (|Hal* — |Hal?)

~ €S My My hohﬁ

Treat mixing as mass insertion:
My

e Doubly suppressed by € and
mpo

e Only relevant when competing interactions also suppressed

Define non-SUSY model as one with zero mass mixing

Conclusion
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Competing Decays

o Lightest scalar usually has no hidden sector decays

e Three relevant processes:

B} el -

2 2
m m 2,,2
~ 64 h2cv ~ 64 l2 N 62 mxml
m2 ms, mi

e For mpe < my, loop process dominates four-body decay
[Batell et al, 0903.0363]

e Different channels dominate in different parameter regions




Motivation Model Constraints Conclusion

Effect of Mass Mixing

- - loop alone
Higgs alone

——————— — total

ct=10m

e g, =03
e =103

* my = Lomps

¢t (cm)

Lo Lode Lo Lo Lo Lo

m, (GeV)

S
S
=
(=)

e Transition at u™u~, mm threshold
e Decay length significantly changed
e Near threshold, contributions destructively interfere
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Effect of Mass Mixing

- - loop alone
Higgs alone

——————— — total

ct=10m

e g, =03
e =103

* my = Lomps

¢t (cm)

Lo Lode Lo Lo Lo Lo

m, (GeV)

S
=
=)

e Transition at ;1" —, mm threshold
e Decay length significantly changed
e Near threshold, contributions destructively interfere
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Electron Beam Dumps

X, e Electron interacts with atomic target:
1. Electron cloud
2. Nuclear electronic form factors
e Weizsacker-Williams approximation:
e Electron beam rest frame
e Atomic target = Photon beam
Calculation well established:
Kim & Tsai, PRD 8 (3109) 1973, Bjorken et. al., 0906.0580

do(a+ P, = b+c+ps) dofa+y—=b+c) o x

da-0)db-B) d(a - b) “xc B

o y Effective photon flux, in terms of atomic form factors
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Experiments

Several searches have presented results:

Experiment | Target | Energy Ny Lsp | Laee | Nossup
(GeV) (m) | (m)
E137 Al 20 1.87 x 10?0 | 179 | 204 3
E141 W 9 2x10% |012| 35 3419
E774 W 275 52x10° | 03 | 2 18
KEK W 25 [1.69x107 | 24 | 2.2 3
Orsay W 1.6 2 x 1016 1 2 3

Andreas et. al., 1209.6083

Our results dominated by E137
e Sufficiently high energy for GeV hidden sector
e Over 10'° more luminosity than E774
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Hadronic Beam Dumps

Much simpler calculation

, (for collider phenomenologist!)
d
>’")€’V\\ Checked O(ag) corrections ~ 10%
q : g e Cross Section = No. of events:

Schuster et. al.,, 0910.1602
Use MadGraph for acceptances

Experiments:

Experiment Energy (GeV) Npot L (m)

CHARM 400 2.4 x 10'® [ 480
GARGAMELLE 400 3.5 x 1017 | 950
CDHS 400 4.3 x 1017 | 890

BEBC 400 3.5 x 1017 | 820
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Benchmark |

iy (GeV)
=z?_m e HS production through
0! . off-shell vector
e Electron beam dump
w m_lé searches too suppressed
: o New limits from CHARM

w
=]
=F
=

01 05 1.0

my { GeV)
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Benchmark |
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New limits from CHARM
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Benchmark |

mixing &
°

HS production through
off-shell vector

Electron beam dump
searches too suppressed

New limits from CHARM
Unfortunately . ..

10 102 10°
M, MeV

Note: Only g — 2 constraints apply to Benchmarks II, 1!
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005 0.1 05 L0

Benchmark

W susy, CHARM
n — SUSY, CHARM
SUSY, E137

0.1 0.5 1.0 5.0

my { Gev)

Constraints Conclusion
000000080

CHARM, E137 both relevant
Mass mixing effect clear

CHARM non-SUSY limits
agree with previous work

Schuster et. al.,
0910.1602
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Benchmark 111

"y [ GeV)
0.1 0. 1.0 5.0
.susy L.
B e o e Similar to Benchmark |
ot . e Scalars produced through
] off-shell vector
w 72: E| .
CE e BUT other constraints no
. ] longer apply
w3k E .
] e Not shown: DM constraints
1w *h

0.1 0.5 1.0

w
=]
5
Y

my (| GeV)
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Conclusions

e Supersymmetric kinetic mixing implies Higgs mass mixing

SUSY hidden sectors then have new decay channels to SM

Defined three benchmarks in Minimal Model
to capture different low energy behaviour

Found new exclusion limits from beam dump experiments
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